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I. INTRODUCTION
This paper analyzes the implications of debt composition in setting optimal fiscal and monetary policy over the business cycle and in the long run. Examination of sovereign debt markets indicates that some governments have debt structures with predominantly nominal or fixed-rate debt while others primarily issue debt indexed to the exchange rate, interest rate, or general price index. Many economists like Bach and Musgrave (1941) , Lucas and Stokey (1983), and McCallum (1984) have long advocated the use of inflation-indexed debt as a means to eliminate the incentive for governments to inflate away existing nominal liabilities. However, more recently Goldstein (2002) and Reinhart, Rogoff, and Savastano (2003) have argued that an indexed debt structure can be destabilizing if large shocks are transmitted into additional debt costs at inopportune times, as seen recently in several emerging market crises. This paper builds primarily on the work of Bohn (1988) and Chari, Christiano, and Kehoe (1991) 2 to assess the value of different debt structures in a stochastic monetary economy with distortionary fiscal and monetary policy.
The paper combines the traditional general equilibrium framework of macroeconomics with the public finance approach from Ramsey (1927) to calibrate and simulate a stochastic monetary model under various debt-to-income ratios and differing compositions of nominal and indexed debt. Since this analysis assumes a closed economy, all indexed debt is modeled as inflation-indexed debt. The model employed is a combination of a cash-in-advance model and a stochastic growth model, similar to models employed in Cooley and Hansen (1995) , Chari et al. (1991) , and Lucas and Stokey (1983) . The household derives utility from leisure and consumption while the government raises revenue to finance its exogenous stochastic spending through distortionary means: a tax on labor income and the ability to print money. 3 The government also has the ability to issue debt and can choose between two types of debt: nominal (fixed-rate) or indexed (inflation-indexed) debt.
The model captures the loss from distortionary government policy within the nonlinearity of the labor supply equation since the contemporaneous tax on labor income and money growth are determinants of optimal household labor supply in equilibrium. Therefore, the labor supply equation formalizes the assumption of a loss function over distortionary taxes and inflation as discussed in Bohn (1988) and Barro and Gordon (1981) . Shocks that cause variations in government policy are transmitted through optimal labor supply to output, remaining household allocations, and the equilibrium price system while feeding back into the government budget constraint through tax revenue. Equilibrium decisions by households, firms, and the government are then passed into future periods through the price level and interest rate equations. When choosing a combination of fiscal and monetary policy, the government must take into account the relationship between this policy mix and household labor supply to minimize distortions. Optimal policies, or Ramsey policies, maximize consumer welfare while minimizing distortions within the system.
The presence of nonlinear distortions to labor requires the use of a simulation procedure which captures these effects. The projection method of Judd (1998 Judd ( , 1992 ) is used to solve the Euler conditions for the optimal Ramsey policy for money growth, taxes, debt and shadow price of debt. The use of nonlinear simulation methods significantly changes the policy implications of debt policy. Using only linear-quadratic methods, there is little impact of debt composition on welfare. However, the gain in welfare from moving from real to nominal debt is equivalent to increasing consumption growth by 0.6% for a model economy calibrated with U.S. data. This change in welfare is nearly as large as the increase in welfare from the ability to issue debt which was first identified by Barro (1979 Barro ( , 1987 . This larger change in welfare is a reflection of Jensen's inequality which generates the hedging effects of nominal debt.
The Ramsey problem was solved in economies with and without debt and under various combinations of nominal and indexed debt. While the baseline economy contains no debt, the low-debt economy uses the prevailing debt-to-income ratio in the United States and the high-debt economy is calibrated to twice this level. When debt is present, the solution was derived under different combinations of nominal and indexed debt ranging from a majority nominal debt policy (95 percent nominal, 5 percent indexed) which matches the current U.S. debt composition to a majority indexed debt policy (5 percent nominal, 95 percent indexed). Then using the optimal Ramsey plan that defines policy choices of the government, allocations by the household, and the resulting price system, each economy was simulated under the effects of technology and government spending shocks in order to examine the effects of debt structure on optimal policies and activity.
In terms of the properties of fiscal and monetary policy, the findings are generally consistent with those in Chari et al. (1991) and elsewhere, but with some differences. Tax rates on labor are relatively constant over the business cycle, more so in the economies with debt. Regardless of the presence of debt or debt structure, government policy attempts to follow the Friedman rule which results in an expected gross nominal interest rate equal to 1.0. In enacting this monetary policy rule, the government equates the real gross rate of return across the three assets (money balances, nominal debt, and indexed debt) in expectation, satisfying Euler conditions. As discussed in Chari, et al. (1991 Chari, et al. ( , 1996 , the so-called Friedman rule is optimal in a variety of monetary economies with distorting taxes and this paper extends this result to include a variety of different debt specifications. Within the business cycle, monetary policy is countercyclical with respect to technology shocks and procyclical with respect to government consumption, but only under economies with mostly indexed debt. The result is reversed for economies with mostly nominal debt. Monetary policy is procyclical for economies with mostly nominal debt.
The existence of debt provides the government with an additional degree of policy freedom which allows for a smoother path of distortionary taxes and money growth over time, thereby affording the household a smoother stream of consumption and leisure. As shocks to technology and government spending affect the government budget constraint, optimal policy responds by smoothing the impact of distortionary taxes and money growth with debt issuance. In this manner, the existence of debt allows households to behave in a fashion consistent with Friedman's permanent income hypothesis, whereby households consume based on permanent income and save and borrow in response to transitory changes in income. These results confirm the tax smoothing role of government debt as discussed in Barro (1979 Barro ( , 1987 , regardless of the breakdown between nominal and indexed debt. Even if an indexed debt structure is needed to create capital market access in sufficient quantities, as evidenced by the existing debt circulating in international and domestic capital markets, this analysis suggests that this outcome is preferable to no capital market access.
However, the main contribution of this paper is that the role of nominal debt as state-contingent debt can be a significant policy tool to reduce the volatility of distortionary government policy since the gain in welfare from using nominal debt as opposed to indexed debt is as large as the gain in welfare from the ability to issue debt. The simulated economies with higher ratios of nominal debt are less volatile than economies with higher ratios of indexed debt since nominal debt acts as a hedge against unexpected shocks to the government budget. Economies with higher ratios of nominal debt also have higher steady-state levels of output and consumption. As discussed in Bohn (1988) and Chari et al. (1991) and quantified here, unexpected shocks to the economy that call for an increase in distortionary government revenue also correspond to states with higher-than-expected inflation which reduces the value of existing nominal debt and counterbalances the need to increase government revenue. In states of the world with positive shocks to government spending and negative shocks to technology, government responds by increasing distortionary revenue policy and the shadow value of reducing debt is increased, creating a positive correlation between inflation and the multiplier on the government budget constraint. In this context, nominal debt acts as a hedge against shocks to the government budget by providing a non-distortionary source of revenue, permitting a smoother path for fiscal and monetary policy and household consumption. The greater the level of debt and larger the percentage of nominal debt, the larger the hedging contribution. These results suggest that sovereign debt management strategies need to broaden the concept of the cost of the debt as more than purely first-order financing costs to include a second-order concept of variance of stock adjustments. Depending on the type and magnitude of economic shocks that prevail, optimal debt management should strive over time to create a debt structure that includes nominal debt in sufficient quantities to further reduce macroeconomic volatility and minimize costs associated with the business cycle.
The conclusions of this paper also lend additional credence to the argument that economic growth and macroeconomic volatility are negatively related as discussed in Ramey and Ramey (1995) and that reductions in macroeconomic volatility and minimization of the cost of business cycles can entail significant increases in overall welfare. The idea that government policy uncertainty could have negative effects on growth has been examined by Aizenman and Marion (1993) who find that the magnitude and persistence of tax policy fluctuations jointly determine the pattern of investment and growth with negative correlation. The welfare gains estimated here from reducing policy and business cycle volatility are much larger than those in Lucas (1987) and are attributable to the nonlinearities and convexities within the model.
The conclusions of this paper also highlight more generally the importance of time consistent government policy. Without a commitment mechanism in place, the government is unable to credibly commit to a future series of policy actions beforehand, leaving policy discretionary. As discussed in Lucas and Stokey (1983) , the government will have an incentive to inflate away fixed-rate nominal liabilities unless all prices are predetermined or distortionary taxes can be avoided. If taxes are distortionary, the incentive to inflate away nominal liabilities is diminished, but not entirely removed. The lack of a commitment mechanism may be what leads to highly indexed debt structures to begin with suggesting that consistency of government policy may be a necessary precondition to enable full implementation of debt management strategies that yield the reductions in macroeconomic volatility discussed here. Consequently, moving from an indexed debt structure to a nominal debt structure may require governments to focus on commitment strategies sustained by reputational mechanisms as discussed in Chari, Kehoe, and Prescott (1989) , Kehoe (1990, 1993) , and Stokey (1991) .
The paper proceeds as follows. Section II outlines the stochastic monetary economy and describes the basic theoretical framework underlying the analysis. Section III defines the Ramsey equilibrium, discusses the calibration and solution procedure, and details the results under different levels and compositions of debt. Section IV provides concluding remarks.
II. A STOCHASTIC MONETARY ECONOMY
The properties of debt composition and its relation to optimal policies and allocations are examined in a stochastic monetary economy. The model is a combination of a cash-in-advance model and a stochastic growth model, similar to models employed in Cooley and Hansen (1995) , Chari et al. (1991) , and Lucas and Stokey (1983) . The economy is populated by a representative household, a representative firm, and a government. The household derives utility from leisure and two consumption goods, a cash good and a credit good where previously accumulated cash balances are needed to purchase units of the cash good. Output is produced according to a production function that combines capital, labor, and technology, where the process governing technology is assumed to be exogenous and stochastic. The government raises revenue with distortionary effects to finance its exogenous stochastic spending through a tax on labor income, printing money, or financing debt. In addition to the level of debt, the government also has the ability to choose between two types of debt: nominal (fixed-rate) or indexed (inflation-indexed) debt.
Assumptions of a fixed capital stock and logarithmic preferences enable computation of closed form equilibrium solutions for the private sector given a particular government policy. The Ramsey equilibrium solves for optimal fiscal and monetary policy given the equilibrium behavior of the private sector. This Ramsey equilibrium may be reduced to four conditions for money growth, taxes, the shadow price of debt and labor given the equilibrium behavior of interest and prices. The projection method is then applied to solve for the four policy functions and conduct simulations. If the private sector is made more complex, these four conditions would need to be augmented with equilibrium conditions for interest rates and prices. These additional conditions would limit the accuracy of the projection method since additional equations would limit the number of nodes the computer can solve. In order to focus on the distortionary effects of labor taxes, a fixed capital stock is assumed. Thus, the optimal government policy will account for its impact on interest rates and prices as well as the optimal behavior of the household and firms.
A. Production
Aggregate output, Y t , is produced according to the following constant returns-to-scale production function,
where K t and H t are the aggregate capital stock and labor supply, respectively, and θ t represents the available technology. Technology is assumed to be the realization of an exogenous stochastic process and evolves according to the following law of motion,
The random variable, θ,t , is normally distributed with mean zero and standard deviation σ θ,t and the realization of θ,t is known to all agents at the beginning of period t. The capital stock is assumed to remain fixed throughout the analysis so that K t = K and all returns to capital are distributed to the household as income. A constant capital stock can be justified, in part, by the well established result from the literature on optimal taxation that tax rates on capital should be close to zero on average. 4 Given a fixed capital stock, the representative firm seeks to maximize profit, equal to Y t − w t H t , by choosing labor demand. The first-order condition for the firm's labor decision is,
The firm equates the real wage rate to the marginal product of labor.
B. Households
The representative household obtains utility from consumption and leisure. Preferences are summarized by the following utility function,
where C 1 is the cash good, C 2 is the credit good, γ is a positive constant and 0 < β, a < 1. The specification of linear labor supply is discussed in Hansen (1985) and Rogerson (1988) and is derived from the assumptions that labor is indivisible and allocation of labor is determined by employment lotteries.
The household enters period t with previously accumulated assets equal to the stock of money holdings, M t , and gross returns from nominal government bonds, B 5 These assets augment the income received from capital and the after-tax income from labor and are used to finance household expenditures during the period. Entering the period, the current shocks to technology and government spending are revealed. As a result of this specification, households know the past and current realization of technology and government spending and form expectations over future possible values. After the shocks are revealed and expectations are formed, the household then chooses labor supply, consumption of the cash and credit goods, the amount of money to be carried into the next period, and stocks of nominal and indexed government debt. Overall, household allocations must satisfy the following budget constraint,
where P t equals the price level and τ t is the tax applied to labor income, αY t . The term
is the demand for money balances by the representative household to be used in the next period and is aggregated across households in relation to money supply in equilibrium. Previously accumulated money balances are used to purchase the cash good in the current period and must also satisfy the cash-in-advance constraint,
The representative household maximizes 4 subject to 5 and 6. The resulting Euler equations are,
The Euler conditions on nominal and indexed bonds can be used to derive the conditions on the two interest rates as,
Maximization of expression 4 is subject to M d ≥ 0 for all t ≥ 0, given the initial stock of money, M 0 . There is no similar restriction on debt since negative stocks of government bonds would indicate household indebtedness to the government, although transversality conditions will prevent debt from growing without bound in either direction. Households would not find it optimal to violate these conditions because alternative allocations exist that would afford higher levels of consumption and higher lifetime utility.
The specification of log preferences causes income and substitution effects to cancel, allowing equilibrium household allocations to be characterized for a given set of government policy. Since the capital stock is fixed, eliminating investment, output can either be consumed by households or used by the government resulting in the economy-wide resource constraint,
The resource constraint can be used with 6 and 20 in the Euler condition for money balances to yield closed-form solutions for consumption, prices, and interest rates. Assuming money supply equals money demand in equilibrium, or
, the closed-form solutions for consumption are as follows,
Inserting the solution for the cash good in 14 into the cash-in-advance constraint in 6, which holds with equality in equilibrium, produces the following closed-form equation for the price level,
The closed-form solutions for the real and nominal interest rate are found by inserting the solution for the credit good in 15 and the price level in 16 at time t and t + 1 into the Euler conditions in 11 and 12.
The solution for the credit good in 15 along with the wage rate in 3 can be substituted into the Euler condition for labor in 10 to solve for the equilibrium quantity of labor. Doing so, and noting the specification for output in 1, defines an implicit function,
This equation cannot be solved for H t explicitly, but the implicit function theorem allows for the construction of an implicit function which defines the explicit function. Dfined derivatives can be obtained as long as an implicit function is known to exist under the implicit function theorem. Since an implicit function for equilibrium labor can be constructed, 7 optimal household allocations and the equilibrium price system are all functions of contemporaneous government policy and the exogenous shocks to government spending and technology.
However, the equilibrium price system is also dependent on past policy and expectations of future policy and uncertainty. The price level is dependent on the choice of money balances during the previous period which is a result of the cash-in-advance specification. Consequently, the choice of money growth in period t by the government affects the price level in period t and in period t + 1. The real interest rate in period t is also a function of the expectation over future government policy and labor supply decisions in period t + 1 since the real interest rate applied to the stock of real debt chosen by the household in period t will not be available for use again until period t + 1. The same is true for the nominal interest rate, but in equilibrium the nominal interest rate only depends on the rate of time preference and the rate of money growth expected to prevail in the upcoming period.
The equilibrium labor equation in 17 formalizes the assumption of a loss function over distortionary taxes and inflation as discussed in Bohn (1988) , Barro and Gordon (1981) , and elsewhere. These authors use a quadratic loss function to capture the excess burden of taxes and allocative distortions of inflation. The stochastic monetary economy presented here incorporates the idea of a loss function within the nonlinearity of the equilibrium labor equation since the contemporaneous tax on labor income and money growth are determinants of optimal household labor supply. While debt is not explicitly present in the equilibrium labor function, it is indirectly present since the choices of taxes and money determine the level of debt as a residual in the government budget constraint. Variations in government policy directly affect labor supply, output, remaining household allocations, and the equilibrium price system while feeding back into the government budget constraint through tax revenue. In addition, the shocks to technology and government spending also induce responses by both households and the government. Equilibrium decisions by households, firms, and the government are then transmitted across time through the price level and interest rates.
III. THE RAMSEY EQUILIBRIUM
Real government consumption, G t , is assumed to follow an exogenous stochastic process. Government policy includes sequences of labor taxes and supplies of money, nominal bonds, and indexed bonds which must satisfy the following budget constraint,
where the initial stocks of money, M 0 , nominal bonds, B N 0 , and indexed bonds, B L 0 , are given. The money supply and government spending in period t are assumed to grow at the rate exp(g t ) − 1 and exp(µ t+1 ) − 1, respectively. Thus, the level of government spending and money stock are defined as,
The random variable g t is assumed to evolve according to the following autoregressive process,
where g,t , is normally distributed with mean zero and standard deviation σ g,t . Like the shock to technology, the realization of g,t is known to all at the beginning of period t.
The goal of the government is to maximize the welfare of the household subject to raising revenues through distortionary means. After the shocks to the system are revealed, the government selects a policy profile and households respond with a set of allocations. The resulting equilibrium determines the state variables for the next period. Therefore, when choosing an optimal policy mix of taxes, money supply, and debt, the government must take into account the equilibrium reactions by households and firms to the chosen policy mix. The government is also constrained in its policy choices since it must choose a policy mix to maximize household utility while satisfying the government budget constraint. The following definition describes the Ramsey equilibrium.
Definition 1. A Ramsey equilibrium is defined as:
that satisfy the resource constraint in 13.
A price system is a set of nonnegative bounded sequences
{P t } ∞ t=1 , {w t } ∞ t=1 , © R N t ª ∞ t=1 , © R L t ª ∞ t=1 . 3. A government policy is a set of sequences {τ t } ∞ t=1 , {M t+1 } ∞ t=1 , © B N t+1 ª ∞ t=1 , © B L t+1 ª ∞ t=1 .
Given the exogenous sequences {g
; initial stocks of money, nominal bonds, and indexed bonds; and M 0 = M d 0 ; a competitive equilibrium is a feasible allocation, a price system, and a government policy such that (a) given the price system and government policy, the allocation solves both the firm's problem and the household's problem; and (b) given the allocation and price system, the government policy satisfies the sequence of government budget constraints.
The Ramsey Problem is to choose a competitive equilibrium that maximizes
household utility in 4. The competitive allocation that solves the Ramsey Problem is called the Ramsey plan or Ramsey equilibrium.
The Ramsey problem in the general equilibrium dynamic programming setting incorporates many of the reputational mechanisms for credible government policies as discussed in Ljungqvist and Sargent (2000) . 8 In general, the government would find it optimal to deviate from its original set of policies if allowed and some mechanism, reputational or otherwise, is needed to ensure credibility of government policy. Given this mechanism the government solves for the commitment equilibrium. 9 Under the assumption that an institution or commitment technology exists through which the government can bind itself to a particular sequence of policies, the government attempts to maximize 4 subject to 18 while taking into account the equilibrium specification for the price system in equations 11, 12, and 16 and the optimal response by households and firms in equations 1, 14, 15, and 17. Before the shocks to government spending and technology are observed, state variables include bonds and money balances issued the previous period. In order to allow for comparison across Ramsey equilibriums with different compositions of nominal and indexed debt, the mix of debt is specified exogenously, leaving the government to choose labor taxes and money growth with the level of debt as the residual.
After the shocks to spending and technology are realized, optimal policy is a mapping of state variables to labor taxes, money supply, and the amount of debt so that the government's budget constraint is satisfied. Like the household maximization problem, the government's problem can be set up as a dynamic programming problem whereby the government seeks to maximize,
where
) is the set of choice variables and s t represents the set of state variables
Here the government takes consumption of the cash good as given by 14, consumption of the credit good by 15, labor is given by 17, output satisfies the production function in 1, the price level is given by 16, the interest rate on indexed debt is 11, and the interest rate on nominal debt is 12. λ gt is the Lagrange multiplier on the government budget constraint. The first-order conditions for the Ramsey problem are, 10 τ t :
B N t+1 :
where λ gt represents the marginal utility of relaxing the government budget constraint by one unit or, as suggested by Bohn (1988) , the value that households place on the ability of the government to raise revenue from a source "outside" the economy. Such an ability would be equivalent to collection of a lump-sum tax. The multiplier is, therefore, the shadow value on reducing debt.
The distortionary effects of money and tax policy are evident through examination of the first-order conditions to the government's problem. For example, the Euler condition in 23 describes the trade-off between taxation and issuing debt. The first terms on the left-hand side reflect the change in consumption of the cash and credit goods and provision of labor by the household from a change in taxes. A change in the tax rate enters consumption of the cash and credit good indirectly via the equilibrium labor condition. The partial derivative of the equilibrium labor condition carries a negative sign, so that ∂H t /∂τ t , ∂C 1t /∂τ t , ∂C 2t /∂τ t are all negative. Higher labor income taxes discourage labor supply, reduce output, and decrease consumption which negatively impacts household welfare through the utility function offset by additional leisure. The bracketed term in 23 describes the change in the government budget constraint from a change in taxes scaled by the shadow value of debt. The first term inside the bracket represents the direct change in tax revenue from a change in tax policy, the sign of which depends on the nonlinear response of labor supply to a change in taxes. At low levels of tax burden, increases in the tax rate will result in an overall increase in tax revenue since the negative response of labor supply will be minimal. As the tax burden increases, the response of labor supply becomes more pronounced and reduces the increase in tax revenue for the government on the margin. The next term results from the commitment technology and details the change in the interest rate on indexed debt during the previous period, respectively, from a change in the one-period ahead tax rate. As discussed in the previous section, the equilibrium nominal interest rate only depends on the rate of time preference and expected future money growth and does not enter the Euler condition for taxes. The remaining terms inside the bracket describe the price effect on nominal resources chosen in the previous and current period. In particular, an increase in taxes increases the price level today since consumption of the cash good falls, reducing the real value of the payoff on nominal bonds and money balances chosen during the previous period. These combined effects in the left-hand side of 23 must be equal to the alternative policy of issuing additional indexed debt carried into the next period.
The trade-off between issuing money and debt is described in 24 and is more complicated since money enters 24 directly through the money growth term and indirectly through the equilibrium labor condition. The first terms on the left-hand side detail the effects of money growth on consumption and labor supply. Increases in money growth decrease equilibrium labor and the so that ∂H t /∂µ t+1 carries a negative sign. Combined with the direct effects of money on consumption mean ∂C 1t /∂µ t+1 and ∂C 2t /∂µ t+1 also carry negative signs. The bracketed term, as in the tax derivative, details the impact of changes in money on the government budget constraint scaled by the multiplier. The first term describes the change in labor tax revenue based on the change in equilibrium labor from changes in money growth. Increases in money growth that decrease equilibrium labor result in lower output and reduced labor tax revenue. The second term relates to seigniorage revenues. The next two terms arise from the commitment technology and the remaining terms describe the price effect on nominal resources chosen in the previous and current period. Increases in money growth result in a higher price level, reducing the real value of nominal bonds and money balances chosen during the previous period. These combined effects on the left-hand side must be equal to the alternative policy of issuing debt which matures during the next period. The right-hand side of 24 also contains B N t+2 /P t+1 since changes in the money stock during the current period influence the price level in the next period through the cash-in-advance constraint.
A. Calibration and Solution Procedure
The characterization of the policies that generate the Ramsey equilibrium theoretically is difficult since the system is nonlinear. Therefore, the system is characterized quantitatively. Following the process in Cooley and Hansen (1995) , Hansen and Wright (1992) , Christiano and Eichenbaum (1992) , Avery (1987 Avery ( , 1986 and Hansen (1985) , the model is calibrated to match the general features of the U.S. economy. Parameter values are chosen such that elements of the non-stochastic steady-state match the average values from the post-Korean War U.S. time series and are summarized in Table 1 . This specification is then used as a baseline for different combinations of nominal and indexed debt as well as overall debt-to-income ratios.
The initial ratios and stocks of nominal and indexed debt were calibrated using additional data from the Bureau of the Public Debt and the FRED database. Non-marketable government debt was excluded from the sample. Based on this data, a debt-to-income ratio of 0.349 is used to simulate the U.S. debt-to-income economy or "low" debt economy. This debt-to-income ratio was also doubled in order to simulate of an economy with "high" debt. The ratio of inflation-indexed debt to total U.S. debt was about 5 percent, leaving the remaining 95 percent as nominal (fixed-rate) debt.
11 For comparison purposes, the composition of the debt stock was allowed to vary from mostly nominal debt to mostly indexed debt in order to examine how debt composition influences Ramsey policies.
The computational solution procedure is based on the projection approach as described in Judd (1998 Judd ( , 1992 . 12 The set of Euler conditions from the Ramsey problem, the labor equation from the household's problem, and the government budget constraint can be generalized to a set of four operator equations N (f ) that define equilibrium. The solution procedure will solve for the optimal set of policies (H t , µ t+1 , τ t , λ gt ) as functions of the exogenous shocks (g t , θ t ) and initial state variables
hat set N (f ) = 0 simultaneously and satisfy the Ramsey equilibrium. One advantage to this approach is that the shadow value of reducing debt from the Ramsey problem, λ g , is optimally solved for as an endogenous policy variable.
13 11 The ratio of indexed debt to total debt was calculated as the sum of inflation-indexed notes and bonds relative to to total marketable government debt held by the public.
12 Additional information regarding implementation of the solution prodecure is available from the authors upon request.
13 This approach differs from that take in Chari et al. (1994) who begin by fixing the value of the multiplier and iterate across candidate equilibrium solutions. However, the multiplier in their model is the Lagrange multiplier on the implementability constraint in the primal apprach to the Ramsey problem and is not strictly equivalent to the multiplier in this paper.
Since the set of operator equations is nonlinear, the projection approach begins by defining the policy functions in terms of Chebyshev polynomials. The orthogonal properties of Chebyshev polynomials allow an optimal search for the coefficients necessary to set the system of projection equations equal to zero simultaneously. Each polynomial is a function of the two random elements in the system, government spending and technology. After deciding on the type of polynomial, the Galerkin approach then forms the projections by specifying the number of coefficients in each polynomial. Higher orders of polynomial increase the capacity to model nonlinearities and generally improve the accuracy the solution. However, this numerical approach is computationally constrained and settles for the smallest number of coefficients such that additional coefficients yield relatively little in terms of approximation. Chebyshev collocation methods then divide the state space over θ and g into discrete grid points, where higher numbers of points produces a more defined grid space for which the system is solved over. Since the special properties of Chebyshev polynomials apply their restrictions over [−1, 1], a linear transformation is applied to the state space of θ and g in order to permit their use. While collocation methods determine the fineness of the grid space, the boundaries of the space defining technology and government spending shocks are calibrated from actual U.S. data as described above. The interval for each is taken as a multiple of the standard deviation of the error process.
The set of residual functions also contain conditional expectations which must be evaluated. Since the processes that govern the shocks to technology and government spending are assumed to be distributed N (0, σ 2 θ,g ), expectations can be evaluated using Gauss-Hermite Quadrature. In this procedure, the form of the policy function is assumed to be independent of the realization of the shocks and expectations are found by integrating over the possible realizations of θ and g while treating the policy function as a constant. The value of the function at each node is based on the standard deviation of the error process and the optimally defined weight. While the choice of the number of nodes the function is integrated over determines the accuracy of the approximation, the weighting function in the Gauss-Hermite Quadrature routine is such that most of the density is captured at a relatively low order. Once properly specified, the system is solved using a nonlinear equation optimizer in Matlab. Based on an initial guess of the polynomial coefficients, the program computes the residual functions and uses standard computational techniques to iterate to the Ramsey equilibrium. The characteristics of this equilibrium are described in the next section.
To derive the results in this paper, second-order polynomials are used so that n = 2 where n defines the polynomial order. This is often a good starting point for complex systems since low order polynomials will capture a large portion of the nonlinearity within the system without increasing dimension of the system too rapidly. Since each polynomial is a function of two random variables, technology and government spending, each policy function will have a total of n θ x n g = 4 coefficients. In order to ensure that the system is properly identified, the Chebyshev collocation methods define m θ = 2 technology levels and m g = 2 spending levels for m θ x m g = 4 possible combinations of spending and technology shocks. Consequently, the Galerkin approach defines 16 projection equations and the procedure will optimally solve for four policy functions, (H t , µ t+1 , τ t , λ gt ) comprised of 16 total coefficients. The evaluation of expectations operators is done using Gauss-Hermite Quadrature. The number of nodes, r, determines how many points will be used to approximate the integral. Setting r θ = r g = 11 requires the computation of 121 possible future combinations of technology and government spending values in order to evaluate each expectation.
The solution procedure begins with an initial guess for each coefficient and the residual functions are computed. Since the entire set of projection equations must equal zero simultaneously, the set of residual functions is simply the stacked vector of each individual Euler condition. The solution program evaluates whether the system is sufficiently "close" to zero by comparing the norm of the residual vector to some predefined criterion. In this low-order case, a norm of 1.0x10 −9 is used as a minimum convergence criterion. The norm of the residual vector must be less than this before the solution procedure quits. If the norm of the residual vector is greater than this stopping criterion, the nonlinear solution program computes the Jacobian and uses the gradient information to adjust the coefficients further. Given the stopping criteria of 1x10 −9 , a mistake in the optimal policy function would cost the government less than $1 per billion in nominal GDP.
Given the complexity of the system, a move to higher order polynomials greatly increases the dimensionality of the problem and increases the computational time required. For example, moving from second to third order polynomials means each policy function would have n θ x n g = 9 coefficients. Given the four policy functions, this creates the need to solve for 36 coefficients across 36 projection equations. Under this specification it becomes difficult to drive the norm of the residual vector "close" to zero, meaning that the nonlinear solution procedure may require more iterations to reach the stopping criterion used above or necessitate an increase in the stopping criterion to facilitate the higher order, decreasing the accuracy of the overall solution.
B. Results
The Ramsey problem was solved in economies with and without debt and when debt is present, under various combinations of nominal and indexed debt. The baseline economy contains no debt, the low-debt economy uses the prevailing debt-to-income ratio in the United States, and the high-debt economy is calibrated to twice the U.S. debt-to-income ratio. When debt is present, the solution was derived under various different combinations of nominal and indexed debt, ranging from a majority nominal debt policy (95 percent nominal, 5 percent indexed) which matches the current U.S. debt composition and a majority indexed debt policy (5 percent nominal, 95 percent indexed). Then using the optimal coefficients of the polynomial approximations that describe the Ramsey plan, each economy was simulated under the effects of technology and government spending shocks. Statistics were computed by running multiple simulations of 5000 periods in length, taking logarithms, and filtering each simulated time series using the H-P filter as described in Hodrick and Prescott (1997) .
The Steady State
The upper panel in Table 2 represents the steady-state Ramsey equilibrium in levels or growth rates. Optimal household allocations smooth consumption and labor supply with the constant a, the relative importance of the cash good to the credit good in the utility function, determining the split between the two consumption goods. In each model economy, optimal government policy sets money growth equal to the rate of time preference as described in Friedman (1969) . According to Friedman, optimal monetary policy satiates the economy with real balances to the extent that it is possible to do so. Government policy that follows the Friedman rule results in an expected gross nominal interest rate equal to 1.0 and expected real return on nominal debt and money balances equal to the inverse of time preference in the steady-state. In enacting this monetary policy rule, the government equates the real gross rate of return across the three assets (money balances, nominal debt, and indexed debt) in expectation, satisfying Euler conditions. As discussed in Chari, et al. (1991 Chari, et al. ( , 1996 , the so-called Friedman rule turns out to be optimal in a variety of monetary economies with distorting taxes and this paper extends this result to a variety of different debt specifications and stands in contrast to Phelps (1973) who argues that optimality would require taxing the liquidity services from holding money balances.
As expected, government policy choices are interrelated. Monetary policy that follows the Friedman rule requires the government to run a gross-of-interest surplus by setting equilibrium labor income taxes high enough to cover government spending, interest on the debt, and the withdrawal of money balances from the economy. As the debt-to-income ratio rises, the equilibrium tax rate increases to produce a gross-of-interest surplus necessary to cover the associated higher interest costs with the higher stock of government debt. As a result, the distortionary effects of taxation on utility increase as the equilibrium tax rate rises with the level of outstanding debt. A higher debt stock requires higher equilibrium labor taxes, which result in higher welfare costs. This is reflected in the equilibrium value of the multiplier on the government budget constraint which increases when moving from the economy with no debt to the economies with higher debt-to-income ratios. Therefore, as suggested in Bohn (1988) and confirmed here, the shadow value of reducing debt is higher as debt loads increase since distortionary revenue policy imposes additional welfare costs.
The Role of Debt and Debt Composition
The existence of debt provides the government with an additional degree of policy freedom which allows for a smoother path of distortionary taxes and money growth over time, thereby affording the household a smoother stream of consumption and leisure. The simulations of the model economies displayed in the bottom panel of Table 2 indicate that volatility of the economies with debt, as measured by standard deviation in percent, are lower than the baseline economy without debt, regardless of the debt composition. Since the government is required to raise revenue from distortionary means, Ramsey policies smooth the response of fiscal and monetary policy to various shocks that affect the economy and the government budget constraint. Initially, the government sets tax and monetary policy based on generating an expected level of revenues to cover expected government expenditures. As shocks to technology and government spending affect the government budget constraint, optimal policy responds by smoothing the impact of distortionary taxes and money growth with debt. With respect to the ability to issue debt, the results confirm the tax smoothing role as discussed in Barro (1979 Barro ( , 1987 . The existence of debt allows households to behave in a manner consistent with Friedman's permanent income hypothesis, whereby households consume based on permanent income and save and borrow in response to transitory changes in income.
The properties of each variable under each of the model simulations match some of the general characteristics of the overall U.S. economy as discussed in Stock and Watson (1999) and Hodrick and Prescott (1997) . The economies with mostly nominal and mostly indexed debt under both debt-to-income ratios are reported in Tables 3 and 4 . The models only generate about half of the standard deviation of output as found in the U.S. economy, a common shortcoming of most real business cycle models which is magnified here because of the fixed capital stock. However, the autocorrelation of output is slightly higher than found in other studies. One major difference between the models employed here and actual data is the negative correlation between labor and output. This is due to the assumption of a fixed capital stock which eliminates the complementary inputs characteristic of the production function. The existence of capital in the production function combined with the fact that technology augments both capital and labor allows households to balance consumption across both leisure and the two consumption goods, leading to increases in leisure in states of nature that also lead to higher consumption of the cash and credit good. Therefore, positive technology shocks that increase output also increase leisure and vice versa, causing a negative correlation between labor and output. Furthermore, while volatility of labor increases with the debt-to-income ratio and level of nominal debt, it still remains well below that of actual total U.S. employment in hours.
14 In addition to the optimality of the Friedman rule, a similar feature of each model is the low volatility of money growth. Almost all of the volatility in distortionary revenue generating policy is accounted for through the volatility of labor taxes, suggesting that preservation of the Friedman rule may take priority over distortionary impacts of labor taxes. This result is the opposite of Chari et al. (1991) , who find that money growth should be more variable to preserve smoother taxes on labor income. The model economies with mostly indexed debt also produce negative correlations between money growth and output, while the economies with more nominal debt display a positive correlation. The economies with higher levels of nominal debt, therefore, generate a sort of liquidity effect through a negative correlation between money growth and real interest rates. Finally, the volatility of prices and inflation more closely match features of U.S. data. Since the price level and the rate of inflation are determined by the cash-in-advance constraint in equilibrium, volatility of the cash good imparts volatility into prices and compensates for the lack of volatility in money growth. The correlations of inflation with the shocks to government spending and technology have the expected opposite signs, leading to low correlations between inflation and output.
While this analysis confirms the benefit of the ability to issue debt through policy smoothing, it also suggests that the composition of debt is equally as important. The simulations as displayed in Table 2 and graphically displayed in Figure 1 indicate that business cycle volatility is reduced further and the steady-state levels of output and consumption are higher in economies with higher percentages of nominal debt. As the volatility of distortionary policy is reduced further, the negative welfare effects on activity are minimized for a given debt-to-income ratio. The end result is that households become more willing to supply additional labor in economies with higher ratios of nominal debt, increasing output and consumption of the cash and credit goods. For example, under the U.S. debt-to-income ratio and mostly nominal debt (95 percent nominal, 5 percent indexed), output is 0.29 percent higher, consumption of the cash good is 0.33 percent higher, and consumption of the credit good is 0.44 percent higher relative to an economy with mostly indexed debt. Although leisure falls as labor supply increases to support higher output and consumption, leisure is only reduced by 0.14 percent and the loss of utility from supplying additional labor is more than offset by additional utility of consumption.
To place these figures in context, the increase in output by moving from an indexed debt structure to a nominal debt structure with the U.S. debt-to-income ratio is roughly equal to around US$29 billion based on the current size of U.S. economic output, or slightly larger than the level of personal income for the state of Delaware in 2002. Under the high debt-to-income ratio, the increase in steady-state values is nearly doubled. Output is increased by 0.57 percent, consumption of the cash good by 0.67 percent, and consumption deviation of 1.61 for total employment hours. of the credit good by 0.88 percent by moving from a predominantly indexed debt structure to a nominal debt structure. This represents an increase in output of around US$57 billion based on the current size of the U.S. economy, or roughly equal to the level of personal income for the state of Utah in 2002.
The Hedging Role of Nominal Debt
Economies with higher ratios of nominal debt are less volatile than economies with higher ratios of indexed debt since nominal debt acts as a hedge against shocks to the government budget. The idea of nominal debt as a form of state-contingent debt stems from Bohn (1988) and Chari et al. (1991) and is quantified here in a general equilibrium setting. Shocks to government spending and technology affect allocations and the price system through two primary paths: via the optimal labor decisions of households and the real value of debt issued in the previous period. Unexpected shocks to the economy that call for an increase in government revenue (i.e. higher labor taxes or money growth) also correspond to states with higher inflation. This higher-than-expected inflation reduces the value of existing nominal debt and counterbalances the need to increase government revenue. In this context, nominal debt acts as a hedge against shocks to the government budget by providing a non-distortionary source of revenue, permitting a smoother path for distorting revenue generating policies and consumption. The greater the level of debt and larger the percentage of nominal debt, the larger the hedging contribution. In contrast, the unexpected component of inflation does not diminish the real value of indexed debt which is designed to provide a constant real rate of return over the period.
A positive shock to government spending causes optimal government policy to respond with an increase in labor taxes and money growth, as shown by the positive correlation between government spending shocks and the tax rate in each of the economies with debt in Tables 3 and 4 . However, government spending shocks are also positively correlated with prices. In equilibrium, the price level is determined by the cash-in-advance constraint and since money balances for use this period were chosen during the previous period, the change in the price level depends on the response of consumption of the cash good to the shock in government spending. As the government consumes more resources, households respond by increasing labor supply, but the increase in output is not enough to offset the increase in government spending and consumption of the cash good falls. In each of the model economies with debt, government spending shocks are positively correlated with labor supply and negatively correlated with the cash good. Since they reduce consumption of the cash good, positive shocks to government spending result in a higher price level and higher-than-expected inflation, which reduces the real value of nominal debt issued during the previous period. This effect counterbalances the need for increases in taxes and money growth. As reported in Tables 3 and 4 and graphically in Figure 2 , the correlation between shocks to government spending and these government policy variables is always positive, but is lowest when the percentage of nominal debt is highest.
Beginning in economies with mostly indexed debt, a negative one-period shock to technology causes output to decrease through the production function even though the household responds by increasing labor supply. The decrease in output creates a need for higher labor taxes and money growth to finance the same level of government spending. Higher money growth and lower consumption of the credit good increase the real and nominal interest rates on indexed and nominal debt, respectively, resulting in higher interest costs in the government budget constraint for next period and reinforcing the need for distortionary revenue policy going forward. Overall, in the economies with mostly indexed debt, government policy is forced to respond with higher labor taxes, money growth, and debt in response to the negative technology shock.
However, as was the case with positive government spending shocks, the negative technology shock is positively correlated with inflation, indicating a role for nominal debt as a hedge. The hedging role for nominal debt is present since the decrease in consumption of the cash good results in higher inflation through the cash-in-advance constraint. As was the case with the positive government spending shock above, the increase in unexpected inflation reduces the real value of existing nominal debt and offsets the need to increase distortionary revenue policy. The value of nominal debt as a hedge declines as the percentage of nominal debt increases. Additional nominal debt lessens the need for higher distortionary revenue policy, eventually creating a situation where negative technology shocks cause lower money and technology growth, spurring labor and output, and lowering the correlation between output and consumption and technology shocks.
Nominal debt is a valuable hedge in the two scenarios described above since the unexpected inflation occurs in states of the economy that would otherwise call for increases in distortionary revenue policy. 15 In these states of the world the shadow value of reducing debt is increased, causing a positive correlation between inflation and the multiplier. The reduction in the real value of existing nominal debt provides a non-distortionary channel of revenue in the government budget constraint, easing the welfare costs of distortionary policy. Debt as a shock absorber, however, works in the opposite direction under positive technology shocks and negative government spending shocks. These states of the world produce decreases in prices which increase the real value of existing nominal debt, yet these increased debt service costs occur when additional resources become available, either through additional output or less government consumption, allowing the household to absorb these costs more easily. In the case of a positive technology shock and high levels of nominal debt, government policy calls for higher labor taxes and money growth, but sufficient economy wide resources remain available from higher output to increase consumption and leisure while simultaneously decreasing the stock of debt. Under negative government spending shocks, government policy reduces labor taxes and money growth, allowing for a similar pattern across consumption, leisure, and debt, but in lower magnitudes. Thus, even though the multiplier and inflation are negatively correlated in these circumstances, sufficient resources are available to more than offset any negative welfare implications. Overall, the value of nominal debt as a hedge occurs when needed most.
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While designed primarily to analyze the effects of debt composition as opposed to sustainability, the model also provides insight about the optimal quantity of debt. The optimal level of debt, as derived from its role as a hedge against shocks to the government budget, is directly dependent on the size of the shocks that hit the economy and the amount to which the household values stability of policy. Since the household prefers smooth consumption and leisure, the optimal amount of debt would counteract the direct effect of a shock to the government budget and mute out any distortionary policy response. However, as the amount of nominal debt increases, the marginal value of the gain in hedge falls since the absolute volatility of the system is reduced. As indicated above, unexpected shocks to the economy that call for an increase in government revenue also correspond to states with higher inflation, producing the opening for nominal debt as a hedging device. Thus, nominal debt will still have value as a hedge as long as the correlation between the multiplier, the shadow value of reducing debt, and inflation is positive. The simulations show that the correlation between the multiplier and inflation is highest under the economies with mostly real debt, indicating that existing hedge opportunities are not being filled. As the percentage of nominal debt is increased, the correlation begins to decline, until under the high debt-to-income ratio and mostly nominal debt, the correlation reaches zero. Beyond this level, adjustments in the value of the debt stock begin to outweigh the direct effects of the shocks on the government budget constraint. These results suggest that the optimal level of nominal debt for hedging purposes in the U.S. economy is much higher than current levels.
Measuring the Gains
A certainty equivalence framework is used to measure the gain to households from the ability to issue debt and from the hedging role of nominal debt. Two certainty equivalent values of consumption are computed to evaluate any gain: a lump-sum present discounted value and a constant per-period value. Since the household has three variables that enter into the utility function, the certainty equivalent measures are computed in terms of the cash good to simplify the exposition. Values are taken from an average across a set of simulations for each calibrated economy and are displayed in Table 5 and Figure 3 . The upper half of the table shows the lump-sum discounted present value increase in consumption of the cash good that will leave the household indifferent between the economy with no debt and the various economies with debt. For example, the gain in lifetime utility to the household from moving from an economy with no debt to an economy with the U.S. debt-to-income ratio and mostly indexed debt (5 percent nominal, 95 percent indexed) is equivalent to one-time payment of an additional 1.38 units of consumption of the cash good in the current period. This value is equal to 115 percent of the steady-state value of one-period consumption. The gain in utility from moving from one debt composition to another under the same debt-to-income ratio (i.e. the value of nominal debt as a hedge), is the difference between each value under the same debt-to-income ratio. Therefore, the gain in utility from changing the debt composition from mostly indexed debt to mostly nominal debt under the U.S. debt-to-income ratio is equal to 2.11 − 1.38 = 0.73 units of the cash good in present value terms, or 61 percent of one-period consumption of the cash good.
The bottom half of Table 5 displays the certainty equivalent measure in per period consumption of the cash good. As opposed to a lump-sum payment, the data represent the constant per period increase in consumption of the cash good necessary to make the household indifferent between an economy without debt and an economy with debt. The gain in household utility from moving from no debt to an economy with the U.S. debt-to-income ratio and primarily indexed debt is equal to 1 percent of the cash good per period. Changing the composition of the debt from an indexed debt structure to a nominal debt structure yields an additional gain of 0.6 percent of the cash good per period. Under the high debt-to-income ratio, changing the debt structure yields an increase of 2.0 percent of the cash good per period. Overall, the value of nominal debt as a hedge against shocks to the government budget is roughly equal to the ability to issue debt.
These figures suggest that optimal debt policy should look beyond debt levels and first-order financing costs and give equal attention to the debt composition and second-order volatility costs. Sustainability issues aside, it may be sound policy for countries to use additional covenants such as indexation clauses that tie the value of the principal or coupon payments to interest rates, exchange rates, or in this case the price level to gain or expand market access. The ability to issue debt or deepen access, even if indexed, should entail important gains through the additional degree of freedom for government policymakers especially if the alternative is little or no ability to issue debt. However, this analysis also suggests that a predominantly indexed debt structure is a second-best solution and policymakers should strive to include sufficient amounts of nominal debt to further smooth distortionary government policy and reduce macroeconomic and business cycle volatility.
Furthermore, this paper lends additional credence to the argument that economic growth and macroeconomic volatility are negatively related, and that reductions in macroeconomic volatility and minimization of the cost of business cycles can entail large increases in overall welfare. The idea that government policy uncertainty could have negative effects on growth was examined by Aizenman and Marion (1993) who find that the magnitude and persistence of tax policy fluctuations jointly determine the pattern of investment and growth with negative correlation. The welfare gains estimated here from reducing policy and business cycle volatility are much larger than those in Lucas (1987) , who estimated the cost of business cycles as equivalent to less than one-tenth of one percent of consumption, and are attributable to the nonlinearity and convexities within the model. As discussed in Kim and Kim (2003) , the size of welfare gains is heavily dependent on preserving nonlinearities within the model as opposed to alternative methods, such as loglinearization, which may significantly underestimate gains or introduce errors in the estimation procedure.
While this model examines convexities from distortionary taxation and money growth on labor supply preferences, many other examples of convexities can be found in existing studies. Analysis by Bernanke (1983) on irreversible investment and by Ramey and Ramey (1991) on rigidities in the production process suggest that increased volatility results in lower investment and, therefore, lower growth. Black (1987) examined whether countries face a choice between a high-growth, high-variance economy and a low-growth, low-variance economy depending on the available technology, suggesting the growth and volatility may be positively correlated. More recently, Ramey and Ramey (1995) examine cross-country data and find that reductions in the volatility of output growth equal to one standard deviation of its cross-country variation equate to an increased growth rate of one-third of one percent in OECD countries, roughly equal to the increases in steady-state output and consumption reported here. For examples of nonlinearities in preferences, see Galí, Gertler, and López-Salido (2002) and Woodford (2001) . In particular, Galí, Gertler, and López-Salido (2002) examine business cycle fluctuations under imperfect competition and find similar increases in welfare.
IV. CONCLUSION
This paper focuses on the importance of debt composition in the setting of optimal fiscal and monetary policy over both short-run business cycles and the long-run. The main conclusion is that the role of nominal debt as state-contingent debt can be a significant policy tool for reducing volatility of distortionary government policy. Reductions in the volatility of fiscal and monetary policy lead to a reduction in macroeconomic volatility and increases in equilibrium output and consumption. Overall, the gain in welfare from using nominal debt to hedge against shocks to the government budget is as large as the gain in welfare from the ability to issue debt. The ability to issue debt is worthwhile even if additional covenants (i.e. indexation) are needed in order to access capital markets in sufficient quantities to smooth distortionary government policy. However, these results suggest that sovereign debt management strategies need to view the true cost of the debt as more than purely first-order financing costs and include a second-order concept of variance of stock adjustments. Depending on the type and magnitude of economic shocks that prevail, optimal debt management should strive over time to create a debt structure that includes nominal debt in sufficient quantities to further reduce macroeconomic volatility and minimize costs associated with the business cycle.
In addressing this issue, the paper combines the traditional general equilibrium framework of macroeconomics with the Ramsey approach in public finance to calibrate and simulate a stochastic monetary model under various debt-to-income ratios and differing compositions of nominal and indexed debt. The stochastic monetary economy presented here incorporates the idea of a loss function within the nonlinearity of the labor supply equation since the contemporaneous tax on labor income and money growth are determinants of optimal household labor supply. Shocks that cause variations in government policy are transmitted to labor supply, output, remaining household allocations, and the equilibrium price system, eventually feeding back into the government budget constraint through tax revenue. Equilibrium decisions by households, firms, and the government, are then transferred across time through the price level and interest rates.
Economies with higher ratios of nominal debt are less volatile than economies with higher ratios of indexed debt since nominal debt acts as a hedge against unexpected shocks to the government budget. Shocks to government spending and technology affect allocations and the price system through two primary paths: via the optimal labor decisions of households and the real value of debt issued in the previous period. Unexpected shocks to the economy that call for an increase in distortionary government revenue also correspond to states with higher inflation. This higher-than-expected inflation reduces the value of existing nominal debt and works against the need to increase government revenue. In states of the world with positive shocks to government spending and negative shocks to technology, the shadow value of reducing debt is increased, creating a positive correlation between inflation and the multiplier on the government budget constraint. In this manner, nominal debt acts as a hedge against shocks to the government budget by providing a non-distortionary source of revenue, permitting a more smooth path for distorting revenue generating policies and consumption. Note: Standard deviation of household allocations, government policy, and the price system under varrying combinations of nominal and indexed debt are reported for both the U.S. and high debt-to-income ratios. As the percentage of nominal debt increases, the overall volatility of each economy declines, increasing household welfare by reducing volatility of consumption. Note: The upper panel plots the cross correlation between the multiplier and inflation. The shadow value of reducing debt is highest under indexed debt compositions and declines as more nominal debt is utilized. The lower panels plot the correlation between distortionary government policy and the shock to government spending. As more nominal debt is utilized, the correlation between distortionary government policy and shocks to government spending is reduced. Figure 3 : Certainty Equivalent Gains.
Note: The upper panel lists the certainty equivalent gain in consumption of the cash good necessary to make the household indifferent between the no-debt economy and the selected debt-to-income ratio and debt composition. The lower panel diplays the certainty equivalent gain in consumption of the cash good necessary to make the household indifferent between an economy with an indexed debt structure and the selected debt composition. If measured in terms of total consumption, the percentages would be lower. 
